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Invasive mould disease in fatal COVID-19: a systematic 
review of autopsies
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Invasive mould disease (IMD) might affect up to a third of critically ill patients with COVID-19. COVID-19-associated 
pulmonary aspergillosis (CAPA) is typically diagnosed on the basis of a combination of non-specific clinical, 
radiographical, and mycological findings, but whether most cases represent invasive disease is unresolved. We 
systematically reviewed autopsy series of three or more decedents with COVID-19 for evidence of IMD. We searched 
PubMed, Web of Science, OVID (Embase), and medRxiv for studies in English or French published from Jan 1, 2019, 
to Sept 26, 2020. We identified 1070 references, of which 50 studies met the criteria. These studies described autopsies 
from 677 decedents, with individual-level data for 443 decedents. The median age was 70·0 years (IQR 57·0–79·0). 
Of decedents with individual-level data, 133 (30%) had diabetes, 97 (22%) had pre-existing lung disease, and 27 (6%) 
had immunocompromising conditions. Of 548 decedents with such data, 320 (58%) received invasive mechanical 
ventilation; among 140 decedents for whom this was known, ventilation was for a median of 9·0 days (IQR 5·0–20·0). 
Treatment included immunomodulation in 60 decedents and antifungals in 50 decedents. Autopsy-proven IMD 
occurred in 11 (2%) of 677 decedents, including eight CAPA, two unspecified IMD, and one disseminated 
mucormycosis. Among 320 decedents who received mechanical ventilation, six (2%) had IMD. We conclude that 
IMD, including CAPA, is an uncommon autopsy finding in COVID-19.

Introduction
COVID-19, caused by the novel SARS-CoV-2, is respon-
sible for a devastating pandemic causing high incidences 
of critical illness and death among infected persons 
worldwide. In addition to direct viral invasion and 
downstream immune dysregulation, severe disease can 
be complicated by secondary infections. Early autopsy 
studies showed several dominant pathological processes 
of the lungs, including diffuse alveolar damage and 
thromboembolism.1 Secondary infections compli cating 
COVID-19 have been reported, but the prevalence of 
autopsy-proven secondary infections is poorly described.

Secondary fungal infections can complicate critical 
COVID-19.2–5 Pulmonary aspergillosis, an invasive mould 
disease (IMD), occurs with increased frequency following 
other respiratory viral infections such as severe influenza, 
in which context it is associated with excess mortality.6,7 
Similarly, COVID-19-associated pulmonary aspergillosis 
(CAPA)8 has been reported to affect up to 39% of patients 
with critical COVID-19 requiring intensive care unit 
(ICU) care,4,8–12 and has been associated with increased 
mortality.13,14 Risk factors for CAPA appear to include 
prolonged ICU admission, lymphopenia, and immuno-
suppression including corticosteroid use.13,15,16

Diagnosing IMD in critically ill patients with COVID-19 
can be challenging.17,18 In practice, given the difficulty in 
obtaining tissue from critically ill patients, IMD is 
infrequently histologically proven. Host factors, required 
for meeting European Organization for Research and 
Treatment of Cancer and Mycosis Study Group Education 
and Research Consortium (EORTC/MSGERC)19 research 
definitions for probable IMD, are frequently absent in ICU 
patients with invasive pulmonary aspergillosis,20 including 
after severe influenza or COVID-19. Other research 
definitions for diagnosing CAPA in ICU patients have 
been proposed and include a combination of non-specific 

clinical, radiographical, and mycological criteria.5,14,17,21 
Although several ICU cohort studies have suggested high 
rates of probable, putative, or possible CAPA, whether 
these cases represent true tissue-invasive disease is 
unclear. If they do, then IMD would be expected to 
be a common finding in post-mortem examinations of 
decedents with fatal COVID-19.

We present a systematic review of autopsy studies 
done in decedents with fatal COVID-19 to establish the 
prevalence of autopsy-proven tissue-invasive IMD and 
analyse individual-level data to assess potential risk 
factors.

Methods
Search strategy and selection criteria
This systematic review follows PRISMA reporting 
guide lines and the protocol was published as part of a 
two-study review on PROSPERO (CRD42020204123). We 
identified possible studies by searching PubMed, Web of 
Science, OVID (Embase), and medRxiv for articles 
published from Jan 1, 2019, to Sept 26, 2020. We used the 
terms “sars cov2” OR “covid” OR “2019 ncov” OR “novel 
coronavirus” AND “autopsy” OR “post-mortem”. We 
also reviewed reference lists of eligible publications 
for other articles of interest in addition to a database of 
relevant articles maintained by the authors when new 
autopsy studies were published. We contacted authors of 
reports to obtain missing details when required or if the 
outcome of interest (fungal infections) was not described. 
We only included articles written in English or French.

Studies met inclusion criteria if they were retrospective 
or prospective case series of autopsy or post-mortem 
reports of decedents with confirmed SARS-CoV-2 
infection. To minimise reporting bias from case reports 
(either of IMD or competing diagnoses), we only included 
series with at least three decedents. At minimum, 

http://crossmark.crossref.org/dialog/?doi=10.1016/S2666-5247(21)00091-4&domain=pdf
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the examination must have included histopathological 
investigation of the lungs, either through standard or 
minimally invasive sampling. We excluded studies 
if decedents were included or excluded on the basis of 
diagnoses other than COVID-19, or the presence or 
absence of complications.

All identified titles and abstracts were independently 
reviewed for potential inclusion criteria by two authors 
(BEK and ISS) and full texts were obtained for all those 
meeting inclusion criteria. The two same authors did a 
review of the full text independently, for final inclusion. 
A consensus was reached for all disputes. Covidence 
(Veritas Health Innovation, Melbourne, VIC, Australia) 
was used for abstract management.

In the instance of decedents being included in 
more than one report, we included the study with the 
most patient-related variables, unless the study with less 
individual data had a case of CAPA. If there were more 
decedents included in the less detailed study, we still 
extracted data for these remaining patients to add to the 
total cohort but did not extract any additional individual-
level details. When a preprint study became published, 
we preferentially included the finalised publications.

Data analysis
The main outcome of interest was the number of 
decedents with autopsy-proven IMD measured by 
histopathology showing hyphae invading tissue. When 

available, we recorded the type of mould as identified in 
the reports. We recorded the types of autopsies done 
as either standard or minimally invasive. Minimally 
invasive included any autopsy in which multiple lung 
tissue samples from each lobe were obtained, either 
blindly or through ultrasound guidance; this practice has 
been applied frequently in COVID-19 to limit occupational 
exposures at the time of autopsy. We also recorded 
which country the study originated from and patient’s 
place of death (in hospital or community). When possible, 
individual decedent data were also extracted. We 
collected age, comorbidities, length of hospital stay, 
duration of symptoms, days of mechanical ventilation, 
and immuno modulatory COVID-19-specific treatment 
prescribed (cytokine inhibitors or steroids). We used 
EORTC/MSGERC19 definitions of host factors to classify 
whether decedents were immunocompromised.

With regards to risk of bias assessment, we did not 
judge the study quality given these are small case series 
without a target intervention. We attempted to guard 
against selective reporting by contacting corresponding 
authors for any manuscript in which the outcome of 
interest (fungal infection) was not described. We also 
attempted to mitigate small-study effects by including 
only those series with three or more cases described.

Results
We identified 1070 references from the database searches 
and four from alternative sources; 454 were duplicates, 
526 were excluded from title and abstract review 
and an additional 40 from full-text review, leaving 
50 studies meeting criteria for data extraction (figure 1). 
Of these, five were preprints and the remainder were 
published in peer-reviewed journals. We corresponded 
with 39 authors. All studies were published in 2020.

A total of 677 decedents were reported across the 
50 studies (table 1).22–71 Information on the use of fungal 
stain procedures was available for 42 studies comprising 
617 decedents (91%). Fungal stains were routinely 
used for examination of lung tissue in 17 studies (table 1) 
comprising 257 decedents (38%); for 25 studies, com-
prising 380 decedents (56%), fungal stains were added if 
there were findings suggestive of broncho pneumonia on 
haematoxylin and eosin stain. Studies were included from 
15 countries, most commonly from the USA (including 
199 decedents), Italy (n=146), and Germany (n=84; 
figure 2). Most autopsies were done on decedents who 
were admitted to hospital (n=665 [98%]) with very few 
from the community (n=12 [2%]). Standard autopsy was 
the most commonly used technique (36 [72%] studies). 
Minimally invasive autopsy was used in ten (20%) studies 
and a combination of standard and minimally invasive 
autopsies was used in five (10%) studies (table 1). Invasive 
mechanical ventilation and extracorporeal membrane 
oxygenation (ECMO) status was missing for 135 (20%) 
decedents. Of the total cohort, 320 (58%) required invasive 
mechanical ventilation and 15 (2%) received ECMO.

Figure 1: Flow diagram of the study selection

1070 references identified in 
database searches  

616 unique references  

90 identified for full-text review  

50 studies included

4 identified from other sources 

454 duplicates removed  

530 excluded (irrelevant)

40 excluded
8 lungs not described or 

examined
7 had too few patients
8 had duplication of patients
5 published in journal
4 not in English or French
4 wrong study design
3 duplicate studies
1 patient with infections 

excluded 
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Country Population Decedents included 
(decedents with 
autopsy-proven 
invasive mould 
disease)

Decedents who received 
invasive ventilation 
(decedents with autopsy-
proven invasive mould 
disease)

Mean age, years 
(median)

Autopsy type Routine fungal stains

Beigmohammadi et al 
(2021)22*

Iran Hospitalised 7 (0)† 7 (0) 67·9 (72·0) Minimally invasive No

Borczuk et al (2020)23* Italy, USA Hospitalised 68 (2)† 27 (1) (73) Standard; 2 minimally 
invasive

At 1 of 3 centres 
involved (23 patients)

Böesmüeller et al (2020)24* Germany Hospitalised 4 (0)† 3 (0) 71·8 (75·0) Standard Yes

Bradley et al (2020)25* USA Hospitalised 14 (0)† 8 (0) 70·6 (73·5) Standard No

Brook et al (2021)26* USA Hospitalised 5 (0)† 2 (0) (79) Minimally invasive No

Buja et al (2020)27 USA Hospitalised 3 (0)† 0 (0) 48 (48) Standard No

Bussani et al (2020)28* Italy Hospitalised 41 (0)† 6 (0) 79·7 Standard Yes

Carsana et al (2020)29* Italy Hospitalised 38 (1)† 1 (1), 37 ND (0) 69 Standard No

Copin et al (2020)30* France Hospitalised 6 (0) 5 (0) ND Standard No

De Michele et al (2020)31* USA Hospitalised 40 (1)† 23 (0) (71·5) Standard No

Deinhardt-Emmer et al 
(2020)32*

Germany Hospitalised 11 (1)† 7 (1) 72·2 (78·0) Standard Yes

Dell’Aquila et al (2020)33* Italy Hospitalised 12 (0) 12 (0) 82·3 Standard No

Desai et al (2020)34* USA Hospitalised 20 (0)† 13 (0) 62·5 Standard No

Duarte-Neto et al (2020)35* Brazil Hospitalised 10 (0) 7 (0) (69) Minimally invasive No

Elezkurtaj et al (2020)36* Germany Hospitalised 26 (0)† 20 (0) 69 (69) Standard Yes

Elsoukkary et al (2021)37* USA Hospitalised 9 (0)‡ ND (0) ND Standard and 
minimally invasive

Yes

Falasca et al (2020)38* Italy Hospitalised 22 (0)† ND (0) 68·0 (69·5) Standard No

Flikweert et al (2020)39 Netherlands Hospitalised 7 (0)† 7 (0) (74) Minimally invasive Yes

Fox et al (2020)40* USA Hospitalised 10 (0)† 9 (0) 63·0 (64·5) Standard No

Grosse et al (2020)41 Austria Hospitalised 14 (0)† 7 (0) 80·6 (81·5) Standard Yes

Hanley et al (2020)42 UK Hospitalised 10 (1)† 4 (1) (73) Standard, 1 minimally 
invasive

ND

Hellman et al (2020)43* Sweden Hospitalised 3 (0) ND (0) ND Standard No

Kimmig et al (2020)44* USA Hospitalised 7 (0) ND (0) ND Standard No

Kommoss et al (2020)45* Germany Hospitalised 13 (0)† 9 (0) 74·6 (78) Standard Yes

Konopka et al (2020)46* USA Hospitalised, community 8 (0)† 3 (0) 55 (52) Standard No

Lax et al (2020)47* Austria Hospitalised 11 (0)† 2 (0) 80·5 Standard Yes

Leppkes et al (2020)48* Germany Hospitalised 8 (0) ND (0) ND Standard No

Li et al (2020)49 China Hospitalised 30 (0)† 26 (0) 68·2 (68·5) Minimally invasive No

Martines et al (2020)50 USA Hospitalised 8 (0)† 6 (0) 73·5 Standard ND

Menter et al (2020)51 Switzerland Hospitalised 21 (0)† 6 (0) 76·4 (75·0) Standard, some 
minimally invasive

No

Nagashima et al (2020)52* Brazil ND 6 (0) 6 (0) ND Minimally invasive Yes

Oprinca and Muja (2020)53 Romania Hospitalised, community 3 (0)† 0 (0) 58·7 (70·0) Standard No

Prieto-Perez et al (2020)54* Spain Hospitalised 20 (0) 9 (0) (79) Minimally invasive No

Prilutskiy et al (2020)55* USA Hospitalised 4 (0)† 2 (0) 74 (72) Standard No

Radermecker et al (2020)56* Belgium Hospitalised 4 (0)† 4 (0) 60·8 (59·5) Standard No

Rapkiewicz et al (2020)57* USA Hospitalised 7 (1)† 5 (0) 57·4 (60·0) Standard Yes

Remmelink et al (2020)58* Belgium Hospitalised 17 (2)† 11 (1) 67·5 (68·0) Standard Yes

Roden et al (2020)59 USA Hospitalised 8 (0)† 3 (0) (79) Standard Yes

Roncati et al (2020)60* Italy Hospitalised 3 (0) ND (0) 53·3 (49·0) Minimally invasive Yes

Sadegh Beigee et al (2020)61 Iran Hospitalised 25 (0) ND (0) (66) Minimally invasive Yes

Sauter et al (2020)62 USA Hospitalised 1 (0)†‡ 1 (0) ND Standard ND

Schaefer et al (2020)63* USA Hospitalised 7 (1)† 7 (1) 62·4 (66·0) Standard ND

Schaller et al (2020)64* Germany Hospitalised 10 (0)† 4 (0) (79) Standard No

Schurink et al (2020)65* Netherlands Hospitalised 18 (1) 16 (ND) ND Standard Yes

(Table 1 continues on next page)
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Adequate information was provided for individual-level 
data extraction from 32 studies describing 442 decedents 
(table 1). Further individual-level data were added for a 
case of autopsy-proven IMD based on correspondence 
with an author; a case of autopsy-proven CAPA in a 
separate single-case report was the same decedent with 
IMD reported by Antinori and colleagues72 (and Antinori 
S, Università degli Studi di Milano, Milan, Italy, personal 
communication). In total, there were individual-level 
data for 443 decedents (appendix pp 1–16). The median 
age was 70·0 years (IQR 57·0–79·0). Most decedents had 
pre-existing comorbidities. Diabetes was reported for 

133 (30%) decedents, pre-existing lung disease for 
97 (22%), and cancer for 64 (14%). Immuno compromised 
status was reported for 27 decedents (6%), including 
solid organ transplantation in eight (2%), haematological 
disorders in nine (2%), and other chronic immuno-
suppressant use in ten (2%). The median duration of 
hospitalisation before death, known for 247 decedents, 
was 10·0 days (IQR 5·0–22·0). Data on mechanical 
ventilation status were available for 548 decedents 
(including some decedents without individual-level data): 
320 (58%) decedents had received invasive mechan i-
cal ventilation. Length of ventilation, known for 

Country Population Decedents included 
(decedents with 
autopsy-proven 
invasive mould 
disease)

Decedents who received 
invasive ventilation 
(decedents with autopsy-
proven invasive mould 
disease)

Mean age, years 
(median)

Autopsy type Routine fungal stains

(Continued from previous page)

Skok et al (2020)66* Austria Hospitalised 11 (0)‡ ND (0) ND Standard Yes

Tian et al (2020)67* China Hospitalised 4 (0) ND (0) 73 (76) Minimally invasive No

Valdivia-Mazeyra et al 
(2020)68*

Spain Hospitalised 18 (0) 17 (0) 61 Standard; 7 minimally 
invasive

No

Wichmann et al (2020)69* Germany Hospitalised 12 (0)† 5 (0) (73) Standard No

Wu et al (2020)70* Italy Hospitalised 10 (0) 10 (0) ND Standard No

Youd et al (2020)71 UK Community 3 (0)† 0 (0) 82·3 (86·0) Standard ND

Total NA NA 677 (11) 320 (6) NA NA NA

Hospitalised=admitted to hospital. ND=not documented. NA=not applicable. *Author contacted. †Sufficient information for individual-level data extraction. ‡Some decedents included in another cohort, 
so patient number reduced.

Table 1: Summary of studies meeting criteria for data extraction

Figure 2: Geographical distribution of included decedents
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140 dece dents, was a median of 9·0 days (IQR 5·0–20·0). 
Treatment with immunomodulation was confirmed for 
60 decedents: six received inter leukin-6 (IL-6) inhibitors 
(a seventh was randomly assigned to, and received, either 
sarilumab or placebo), two received IL-1 inhibitors, one 
received both of these drug classes, 49 received steroids, 
and details were missing for one decedent. 50 (7%) of 677 
decedents were recorded to have received antifungals.

Among the total cohort of 677 decedents, 11 (2%) had 
autopsy evidence of IMD; among the 320 decedents 
reported to receive invasive mechanical ventilation, 
six (2%) had IMD (table 2). Eight (<1%) had pulmonary 
aspergillosis, two (<1%) had invasive mycoses not 
specified, and one (<1%) had mucormycosis (table 2). 
Fungal diseases involved the lung only in four cases, 
airway only in two cases, and both airway and lung in 
three cases. In one case, a patient who had disseminated 
mucormycosis, fungal invasion was shown in the lungs, 
hilar lymph nodes, brain, and kidney (table 2).

Decedents with and without IMD who had individual-
level data available are compared in table 3. One (11%) 
decedent of nine with IMD had a pre-existing immuno-
compromising condition, and in this patient, the 
diagnosis of aspergillosis pre-dated COVID-19.63 By 
comparison, 26 (6%) decedents of 407 without IMD were 
immuno compromised. One (11%) decedent of nine with 
IMD, for whom this was known, received immuno-
modulatory therapy for COVID-19 compared with 
59 (14%) without IMD (table 3). Two decedents with 
IMD received antifungals (table 2).

Discussion
In this systematic review of autopsy studies, we describe 
the prevalence of autopsy-proven IMD including CAPA 
among persons with fatal COVID-19 infections. IMD was 
autopsy-proven in just 2% of all decedents with COVID-19 
and 2% among those reported to have received mechanical 
ventilation.

The rates of autopsy-proven IMD are considerably 
lower than rates of CAPA reported from some ICU 

cohort studies (1·0–39·1%).12 Given that post-mortem 
examinations are the most reliable way to confirm IMD, 
this Review provides a more robust appraisal of the true 
incidence of IMD complicating critical COVID-19, and 
suggests that the high CAPA rates published from 
cohort studies might be due to overdiagnosis. Previous 
autopsy studies have shown that pneumonias, in 
general, were overdiagnosed antemortem, and that 
discrepancy rates between clinical and necropsy findings 
were higher for respiratory tract infections than for other 
types of infection.73 Alternatively, a study done across 
several decades before COVID-19 found that decedents 
with autopsy-proven invasive pulmonary aspergillosis 
were frequently not diagnosed antemortem.74 Further-
more, in at least two cases in this series, the diagnosis of 
IMD was not made until autopsy.

CAPA might be overdiagnosed in some ICU studies 
because of an absence lack of specificity in the classifi-
cation of probable, putative, or possible CAPA (which 
characterise most cases reported to date).12 There are 
several challenges that ICU studies face in establishing the 
true prevalence of CAPA. First, the clinical and 
radiographical signs of CAPA are difficult to distinguish from 
severe COVID-19 alone. Second, lower respiratory tract 
samples for diagnosing invasive pulmonary aspergillosis 
are infrequently obtained in patients with COVID-19 
because bronchoscopy is considered an aerosol-generating 
procedure. Finally, the clinical definitions for CAPA are 
imperfect. Proven invasive pulmonary aspergillosis (which 
relies on histological evidence of tissue invasion) is rarely 
diagnosed and, given the tenuous clinical status of most 
affected patients, biopsies are rarely done. Established 
research criteria for the diagnosis of invasive pulmonary 
aspergillosis, such as the updated definitions from the 
EORTC/MSGERC19 are of limited utility for diagnosing 
invasive pulmonary aspergillosis in ICU patients because 
host factors are frequently absent.20 Furthermore, classic 
radiographical findings seen in immunocompromised 
hosts are uncommon in patients without host factors. 
Alternative diagnostic criteria have been proposed and 
adapted for the study of influenza-associated pulmonary 
aspergillosis7,75 and now CAPA.5,14,17,21 However, in critically 
ill patients with COVID-19, radiographical findings of 
IMD are non-specific and are difficult to discern from the 
bilateral pulmonary infiltrates due to acute respiratory 
distress syndrome or the thrombotic complications of 
COVID-19, which can result in pulmonary infarction, 
cavitary lesions, or halo signs. Furthermore, serum 
galactomannan is not sensitive, and the presence of mould 
in respiratory samples (detected by culture, PCR, or 
galactomannan) can represent airway colonisation. For 
example, bronchoalveolar lavage galactomannan has a 
high false positivity rate in patients without haemato logical 
malignancy.76 Some patients with CAPA improve without 
antifungals,9 which argues against true invasive disease. 
Furthermore, Flikweert and colleagues39 reported that 
histological evidence of invasive pulmonary aspergil losis 

Invasive mould disease 
(n=10 [2%])

No invasive mould disease 
(n=433 [98%])

Median age, years (IQR) 60 (40–75·5) 70 (57–79)*

Male 9/9 (100%) 260/393 (66%)

Pre-existing lung disease 1/9 (11%) 94/392 (24%)

Immunocompromised 1/9 (11%) 26/407 (6%)

Median duration from symptom onset to 
death, days (IQR)

9 (6·8–22·5)† 14 (9–26)†

Median hospital length of stay, days (IQR) 14·0 (5·5–26·0)‡ 10·0 (5·0–22·5)§

Ventilated 6/10 (60%) 172/339 (51%)

Median ventilation time, days (IQR) 7·0 (6·5–15·5)¶ 9·0 (5·0–20·0)||

Host-directed therapies for COVID-19 1/9 (11%) 59 (14%)

Data missing for *60 decedents, †3 decedents, ‡5 decedents, §112 decedents, ¶1 decedent, and ||37 decedents.

Table 3: Individual-level data for decedents with and without autopsy-proven invasive mould disease
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was absent on post-mortem examination of six patients 
diagnosed with probable CAPA on the basis of broncho-
alveolar lavage galactomannan (median 4·35 optical 
density index [IQR 3·63–4·40]) and, in two, respiratory 
culture growing Aspergillus fumigatus. Taken together with 
our findings that IMD is uncommon on autopsy studies of 
decedents with COVID-19, these data suggest that many 
cases of probable, putative, or possible CAPA do not 
represent true invasive disease.

Alternatively, CAPA has been associated with excess 
mortality.13,77 The clinical importance of Aspergillus in the 
airways of patients with critical COVID-19 is unclear, but 
the low prevalence of autopsy-proven IMD in such 
patients suggests that this finding might be a marker 
of COVID-19 severity and not a mediator of death. 
Nonetheless, clinical trials are underway to assess the 
effect of antimould fungal prophylaxis in critically ill 
patients with COVID-19 (NCT04707703).

CAPA has primarily been reported among critically ill 
patients with COVID-19, especially those requiring 
mechanical ventilation, but whether this report reflects 
sampling bias (enhanced surveillance and access to 
lower respiratory samples in this patient population) or 
confounding (Aspergillus in the airways and critical illness 
or ventilation are both associated with COVID-19 severity), 
or whether critical illness and mechanical ventilation truly 
confer increased risk of CAPA is unclear. In this Review all 
cases of COVID-19 were severe by definition given that they 
resulted in death. However, only 58% of decedents (320 of 
548 for whom this was known) had received mechanical 
ventilation, including six (60%) of ten decedents with 
autopsy-proven IMD for whom these data were available 
and 314 (58%) of 538 without IMD. These data suggest that 
IMD (including CAPA) is not confined to mechanically 
ventilated patients and that higher rates in these patients 
might reflect a combination of disease severity and 
convenience of testing.

Immune dysregulation is implicated in the patho-
genesis of severe COVID-19, and immunomodulatory 
therapies like corticosteroids and cytokine inhibitors (IL-1 
and IL-6 inhibitors) have been widely used. Corticosteroid 
therapy is a known risk factor for invasive pulmonary 
aspergillosis19 and IL-6 inhibitors could plausibly provoke 
IMD given impaired immune response to other 
pathogens.78 Only one (11%) of the nine decedents with 
IMD for whom treatment data were available had received 
these drugs, similar to 14% in the non-IMD group. 
Importantly, most autopsies were done before the 
publication of the RECOVERY trial,79 which showed 
dexamethasone improved mortality in patients with 
severe and critical COVID-19, and so prescribing of 
corticosteroid might have increased since then. Further 
studies will be needed to establish whether use of 
immunomodulatory therapy is associated with tissue-
proven IMD.

Post-mortem examination is the most definitive means 
available to detect IMD and is a particular strength of this 

study. The presence of hyphae on histopathological 
investigation is simple to detect, and, therefore, most of 
these cases are highly likely to have been identified. 
We also made every effort to contact authors when 
histopathological findings were not specifically described 
to confirm that IMD had not been encountered in each 
case. Another strength is the inclusive nature of our 
Review, which included preprints, given the rapidly 
expanding literature on COVID-19.

There are several limitations of this Review that should 
be considered. First, we only included studies published 
in English or French, and excluded studies could 
possibly have contributed further data. Second, there 
was little clinical information from most reports. For 
example, the use of antifungals was uncommonly 
reported, and whether this reflects incompletely reported 
data or low rates of prescribing is unclear. Antifungal 
use could have reduced the sensitivity of IMD detection 
on autopsy. Similarly, use of immunomodulators was 
also infrequently reported, reducing inference about 
the risk of tissue-proven IMD associated with these 
therapies. Third, routine use of fungal stains varied by 
centre, and we cannot exclude the possibility that some 
cases of IMD were missed, particularly when the autopsy 
series were not specifically focused on identifying 
secondary infections. 38% of autopsy examinations used 
routine fungal staining of lung tissue, which is 
reassuring, and for the remainder, fungal stains were 
added in the presence of histopathology suggestive 
of bronchopneumonia to increase the sensitivity of 
assessing for IMD. Fourth, although our Review was 
exhaustive, the sample size is very small compared with 
the total number of COVID-19 deaths internationally; 
most decedents were included from just three countries 
(USA, Germany, and Italy) and geographical variation in 
incidence of IMD after COVID-19 might occur (as it 
does following influenza).80 Finally, although the use of 
minimally invasive autopsy strategies for COVID-19 
has been validated,35,81 limited sampling (ie, only smaller 
sections taken) during this technique might have 
led to underdiagnosis of IMD in some cases. However, 
minimally invasive autopsies comprised a small 
proportion of post-mortem examinations in this study.

In contrast to our findings, a study published after our 
systematic review was done reported alarming rates 
of autopsy-proven IMD in patients with COVID-19 
who received care in a single German ICU.82 Of eight 
decedents, six had IMD, including four cases of 
aspergillosis and two cases of mucormycosis. Decedents 
had received antifungal prophylaxis with caspofungin or 
isavuconazole for an average for 9·5 days. All decedents 
had protracted ICU stays with prolonged invasive 
mechanical ventilation (median of 26 days [IQR 21–35]), 
and five received ECMO (including four with IMD). 
Seven of eight decedents (including five with IMD) had 
macrophage activation syndrome. All decedents received 
corticosteroids, and one additionally received tocilizumab 
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and two additionally received anakinra. Although not 
suspected antemortem in any case, IMD was the autopsy-
determined cause of death in four cases. In general, rates 
of IMD are affected by local hospital-level or ICU-level 
factors, such as airflow, construction, and precautions to 
prevent infection; this Review highlights the importance 
of understanding local epidemiology.

In conclusion, autopsy-proven IMD is uncommonly 
reported among decedents with COVID-19. However, 
centre-to-centre variation probably exists, and clinicians 
and pathologists should work together to understand local 
disease incidence. Given the difficulties in establishing 
the diagnosis of IMD antemortem, future COVID-19 
autopsy studies should include pertinent clinical, radio-
graphical, and microbiological findings and antimicrobial 
therapy to validate research definitions for this disease. In 
the interim, clinicians and pathologists alike should stay 
vigilant to the possibility of IMD as a complication of 
COVID-19.
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